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PROPORTIONAL COMPASSES, 
WITH A 
PRACTICAL APPLICATION, 


Exempliſied in many useful Cases of GEoMETRY, aud 
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DESCRIPTION AND USE 


CASE 


Mathematical Instruments. 


A PockeT Cast of MaTHeEmaTicar InsSTRU- 
MENTS Contains the following Particulars, viz. 
(J.) A Pair of Plain Coup assHS. (2.) A Paik 
of Drawing COMPASES, with its ſeveral Parts. 
(3.) A Drawing PEN and Pointer. (A.) A PRO- 
TRACTOR, in Form of a Semzcrrcle, or, ſome- 
times, of a Parallelagram. (5.) A PARALLEL 
RuLER. (6.) A Plain SCALE. (7.) A SEc- 
rok: Beſides the Black-Lead Pencil for drawing 
Lines.—The general Uſes of the above Inſtru- 
ments are as follow : | 


I. Of the PLaix Comrasses, Fig. 1, 


rg 

1 HE Uſe of the Common or Plain Compaſſ.s is 
(1.) to draw a Blank Line A B, by the Edye of a 
Ruler, through any given Point or Points C D, &c. 
(2.) Take any Extent or Length between the 
Points of the Compaſles, and to ſet it off, or apply 
it ſucceſsively upon any Line, as from C to D. 
(Fig. 2.) (3.) To take any propoſed Line CD 
between the Points, and, by applying it to the pro- 
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per Scale, to find its Length. (4) To ſet off £qua! 
Diſtances upon a given Line, by making a Dot with 
the Point at each, through which to draw parallel 
Lines. (5.) To draw any blank Circle, inter- 
ſecting Arches, &c. (0.) To lay off an Angle of a 
given Quantity upon an Arch of a Circle from the 
Line of Chords, &c. (7.) To mealure any Arch, 
or Angle, upon the Chords, &c. (S.) To con- 
ſtruct any propoſed Figure, in plotting or making 
Plans, &c. by ſetting oft the Quantity of the Sides 
and Angles from proper Scales. In ſhort, the Uſe of 
the Compaſſes occurs in every Branch of practical 
Mathematics, as we ſhall ſee more particularly 
hercafter. 


II. Of the DRawixG CoMPASSES. 


Thefe Compatiles are chiefly dehgned for drawing 
Circles, and circular Arches; and it is often neceſ- 
ſary they ſhould be drawn with different Materials; 
and therefore this Pair of Compaties, has, in one of 
its Legs, a triangular Socket, and Screw, to receive 
and faſten the following Parts or Points for that Pur- 
pole, viz. (I.) A Steel Point, which being fixed in 
the Socket, makes the Compaſſes then but a Plain 
Pair, and has all the fame Uſes as juſt now deſcribed 
in drawing Blank Circles, ſetting off Lines, &c. 
(2.) A Port Crayon with a Black-lead Pencil, cut to 
a fine Point, for drawing Lines that may be eaſily 
rubbed out again, if not right. A Piece of Slate 
Pencil may alſo be uſed in this Part for drawing on 
Slate. (3.) The Detting Point, or Dotting Pen, 
with a ſmall Rawel, or indented Wheel at the End, 
moving very freely; and receiving Ink from the Braſs 
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Pen over 11, communicates the ſane in equal anch re- 
guiar Dots upon the Paper, where dotted Lines are 
choſen. (A.) The Steel Pen or Point, for drawing 
and deſcribing Blac Lines with [nt; for this Purpoſe 
the two Parts or Sides of the Pen are opened or 
cioſed with an adjuſting Screw, that the Line drawn 
may be as fine or as Coarſe as you pleaſe, 

In the Port- Crayoa, Dotter, and Sterl- Pen there 
is a Joint, by which you can ſet the Jower Part al- 
ways perpendicular to the Paper, which is neceilary 
for drawing a Line well, in every Extent or Open- 
ing of the Compatlics, | 

In ſome of the better Sort of Inſtruments, theſe 
Points ſlide into the Socket, and are kept light by a 
Spring on the Infide, tuat is not feen, 

The Steel. Paint is ſometimes made with a Joint, 
and furniſhed with a jive Spring and Screw; by 
which, when you have opened tne Compaſſes nearly 
to the Extent required, you can, ty turning the 
Screw, move the Point to the true Extei:c, as it 
were, to a Hair's Braadth; which is the Reuſon 
theſe are called Hair Compaſſes. 

The common Compalies, at large, are not alfoge- 
ther ſo well adapted for ſmall Drawings; and there- 
fore a ſmall Sort, called Zow:rs, are contrived to an- 
{wer all ſuch Purpoſes; they conliit ouly of a Steel- 
Point and Drawing Len, with a Joint, and of a 
mall Length, fo that very ſmall Circles may be 
niccly dawn with them, as they are to be conveni— 
ently moved and turned about in the Hand, by a 
ſhort Stem or Shaft, 
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III. Of the DRawinG PEN and PENCIL. 


The Drawing Pen is only the common Steel Pen tract 
at the End of a Braſs Rod, or Shaft, of a conveni- Edg' 
ent Length, to be held in the Hand for drawing all Nun 
Kinds of //rait Black Lines by the Edge of a Rule. grad 
The Shaſt or Handle has a Screw in the middle Part; the 
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| and, when unſcrewed, there is a fine round Steel Pin, 8 
\ er Point, by which you make as nice a Mark or Dot off 
| upon the Paper as you pleaſe, for terminating your Dey 

Lines in curious Draughts. Pre 


The Black-lead Pencil, if good, is of frequent Ed 
Uſe for drawing ſtrait Lines; and for ſupplying the Po 
Place of the Drawing Pen, where Lines of Ink are the 
not neceſſary; it is alſo often ſubſtituted for the Cam- the 
mon Pen in WMriting, Figuring, &c. Becauſe in all A 
(Caſes, if what be drawn with it be not right, or 


does not pleaſe, it may be very eaſy rubbed out with Se 
| a Piece of Crumb-Bread, and the whole new-drawn. I 
| 
IV. Of the PROTRACTOR. e: 
| The Prztrattor is a Semicircle of Braſs, divided C 
| ;nto 180 Degrecs, and numbered each Way from f 


Und to End of the Semicircle by 10, 20®, 50%, 
&c, The Central Line is the external Edge of the 
Protractor's Diameter, or ſtrait Side, ſloped down 
to the under Side, and is generally called a Fiducial | 
Edge; in the Middle of which is a ſmall Line or 
fine Notch in the very Edge, for the Centre of the 
Protractor. The Uſes of the Protractor are Two, 
(1.) To meaſure any Angle propoſed. (2.) To lay 
down any Angle required. 

For Example, Suppoſe it required to find what 
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Number of Degrees are contained in the Angle 
AC B (Fig. 3.) you place the Centre of the Prö- 
tractor upon the Angular Point C, and the Fiducial 
Edge exactly upon the line C A; then obſerve what 
Number of Degrees the Line CB cuts upon the 
zraduated Limb of the Protractor, and that will be 
the Meaſure of the Angle AC B, as required. 

Secondly, Suppoſe it required to protract or lay 
off from the Line AC, an Angle AC B, equal 35 
Degrees. To do this, you place the Centre of the 
Protractor upon the given Point C, and the ftrait 
Edge upon A C, very exactly; then make a fine 
Point or Dot at 35 Degrees on the Limb at B, and, 
the Protractor being removed, you draw through B, 
the ſtrait Line C B, and it will make the Angle 
A CB required. 

Protractors, in Form of a Parallelagram, or Long 
Square, are uſually made in Ivory or Braſs; are 
more exact than the common Semicircular ones, far 
Angles to 40 or 50 Degrees; becauſe at and about 
each End, the Diviſions (being farther from the 
Centre) are larger; but the Adv antage ſcarcely com- 
penſates the Expence. 


V. Of the PARALLEL RULER, 


The Parallel Ruler is fo called, becauſe as it eon- 
lifts of two ſtrait Rules, connected together by two 
Braſs Bars, yet ſo as to admit a very free Motion to 
each; the one Ruler muſt always move parallel- 
wiſe to the other, that is, one Rule will be every 
where equi-diſtant from the other, and by this Means 
it becomes naturally fitted for drawing one or more 
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Lines parallel to, or equally diſtant from, any Line 
propoſed. The Manner of doing which is thus: 
Let it be required to draw a itrait Line, parallel 


to a given Line AB, and at the Diſtance A C from 


it. (Fig. 4.) Firſt open the Rulers to a greater 
Diſtance than A C, and place the Edge of one of 
the Rules exactly on the Line AB; then holding 
the other Rule (or Side) firmly on the Paper, you 
move the upper Rule down from A to the Point C, 
oy which (holding it faſt) you draw the Line CD, 
which will be parallel to the given Line AB, as re- 
quired, 

Many very uſeful Problems in the Mathematics 
are performed by this Inſtrument; of which the fol- 
owing arc Examples. 

Let it be required to find a Fourth Proportional to 
three Right Lines given, AB, BC, and AD. 
(Fig. 5.) To do this, draw the Lines AC, AF, 
making any Angle at Pleaſure. Upon A C with the 
Compaſles ſet off the Lines A B, and BC; and 
and upon A E ſet off the Line A D; join D B, and 
parallel to it draw E C, then will D E be the Fourth 
Proportional required. For A B: BC: : AD: 
DE. | 

Again, Suppoſe it required to divide any Line 
AB, as another Line A C is divided. (Fig. 6). 
Lo do this, join the Extremities of each Line AC; 
and by theſe Lines the Line A B will be divided 
exactly ſimilar to the Line A C. 

The Parallel Ruler is ſeldom put into a Caſe of 
Inſtruments, but thoſe of the larger and better Sort; 
being generally fold by itſelf of various Sizes, from 
© Inches to 2 Feet in Length. 
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VI. Of the PLAIN SCALE. 


The Plain Scale, in common Caſes of Inſtruments, 
has the following Lines or Scales upon it, viz. (1.) 
A Line of 6 Inches. (2.) A Line of 50 equal Parts 

3.) A Diagonal Scale. Theſe are put on one Side. 
On the other Side are, {4.) A Lie of Chords, mark» 
ed C. (5.) Seven particular Scales of equal Parts, 
or Decimal Scales, of difterent Sizes; the Numbers 
placed at the beginning of cach, denote how many cf 
the ſmall Divi!.ons at the Beginning are contained: 
in one, Inch, vis. 10, 15, 20, 25, 30, 33, 4!) 

The Uſe of the Line of Inches is the lame in this 
as in all other Rules, viz. to take the Length or Di- 
menſions of Bodies in Inches and Tenths of an Inch, 
in order to compute their Contents. 

The Line of 50 cqual Parts, being equal to 6 
Inches, ſhews the Foot to be divided into 100 of 
the ſame equal Parts, and the Diviſions of this Line 
are placed by thoſe of the Inches, that it may be 
eaſily ſeen what Number in one is equal to a given 
Number of the other; thus 3 Inches is equal to 25 
Parts of the 100. And 30 of theſe latter are equal 
to 3 Inches and 0 I enths, This Line is therciure 
oſten uſed in practical Mathematics, 

The Diagonal Scale is properly a Centiffimal Scale 
becauſe by it you divide an Unit into 100 equal 
Parts; and therefore you can Jay off, or expreſs, aiy 
Number to the 100th Part of an Unit, which is an 
Exactneſs generally ſufficient in Practical Buſtncls. 
How this is done will be eaſy to underſtand, as fol- 
lows: Let A B be 1 or Unit, and divide it into 
10 equal Parts at 1, 2, 3, 4, &c, At a proper Dil- 
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tance B C, draw the Line C D equal and parallel 
to A B, and divide this Line C D alſo into 10 equal 
Parts at a, b, c, d, &c. and theſe will be the 10 Dia- 
gonal Lines. Laſtly, divide B C into 10 equal Parts 
alſo, and number them 1, 2, 3, 4, &c. to 10 at C3 
then through each of theſe Diviſions draw Lines pa- 
rallel to A B, through the Length of the Scale, and 
the Conſtruction is compleated, See Fig. 7. 

In this Diagonal Scale (upon the Plate) AB is 
one Inch; then if it be required to take of 1 {' 
Inches, or 1,73; ſet one Foot of the Compaſſes in 
the 3d Parallel under 1 at e, and extend the other 
Foot or Point to the 7th Diagonal in that parallel 
at g, and the Diſtance eg is that required; for e f 
is 1 Inch, and F g is 73 Parts of 100. 

Again, ſuppoſe it required to ſet off upon any Line 


2,37 Inches; then place one Point of the Compalles 


on the 7th Parallel under 2 at þ, and extend the other 
to the 3d Diagonal in the ſame Parallel at z; and the 
Diſtance h i is that required. Or if A B be 10, the 
Diſtance e g is 17,3; and hi is 23,7. Allo, if A B 
be 100, then eg is 173, h i is 237; and fo on, 
This Diagonal Scale has this Centiſſimal Diviſion 


at each End, and the Unit in one is juſt double of 


that at the other; thus if A B be 1 Inch at one End, 
it is Z an Inch at the other; or if it be 4 an Inch in 


the larger, it is Z Inch in the leſſer Diviſions, as is 


the Caſe upon moſt of the common Plain Scales. 
This Unit AB may alſs be 1 Foot, 1 Yard, 1 
Rod, 1 Mile, &c. So that every Unit in every Kind 
of Meaſures is hereby eſtimated in 100th Parts of 
the Whole, which ſhews the Diagonal Scale to bt 


a moſh uſctul invention. 
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On the other Side of the Plain Scale are the Seven 
Decimal Lines, which are uſually Plotting Scales, 
becauſe their Diviſions of an Unit into 10 Parts 
being different in Proportion of 4 to 1, the Surveyor 
has it in his Power to vary the Scale of his Plot or 
Plan of an Eſtate, &c. In that Ratio, in Seven dif- 
ferent Drawings; and the Superficies or Sizes of the 
greateſt and leaſt Plans will be as 16 to 1. Or that 
drawn by Scale No. 10, will be 16 Times larger 
than the Plan laid down from Scale No. 40 

Alfo the ſame Variety is to be had in the Con- 
ſtruction of all other Geometrical Figures, whether 
Superficies or Solids; and with reſpect to the latter, 
the greateſt will be to the leaſt as 64 to 1; that is, 
the Architect can vary the Size of his Houſe, Temple, 
&c. in the Ratio of 64 to 1 in 7 different Ele- 
vations. 

The laſt Line on the common Plain Scale is that 
of Chords; and is much more uſed than the Protractor 
for laying off or meaſuring any propoſed Angle. 
Thus let it be required to draw tie Line B C to 
make an Angle of 35 Degrees with the Line A C 
(Fig. 3.) To do this, ſet one Point of the Compaſſes 
in the Beginning of the Line of Chords, and extend 
the other to 60; with that Extent (as Radius) place 
one Foot in C, and with the other deſcribe the Arch 
A D; then take from the Chords 352 in the Compaſles, 
and ſet them on the Arch from A to B; and through 
B draw C B, and it is done. 

Again, Suppoſe it required to meaſure any Angle 


A B C propoſed, proceed thus; produce C A inde- 


finitely, take 60 from the Chords in the Compaſſes, 
and with one Foot in C ſtrike the Arch A D, cuts 
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ting the Leg B Cin B; then take the Arch AB in 
the Compaſſes, and applying it upon the Beginning 
of the Line of Chords, and it will reach to 3559, the 
Quantity of the Angle required. But the Line of 
Chords is more uſeful on the Scclor, to which we now 
proceed, 

Note. This Line of Chords is fo conſtructed on 
my Navigation Scales, with Sexageſhmal Diviſions, 
that any Angle may be meaſured, or laid off, to a Mi- 
nute of a Degree. 


VII. Of the SECTOR, 
The Sector is the moſt uſeful of all Mathematical 


Inſtruments; for it net only contains all the moft 
uſeful Lines or Scalcs, but, by its Nature, renders 
them univerſal, as we ſhall ſhow in the following 
Defcription : 

The Lines commonly laid down upon the Sector 
are theſe (1.) A Line of Equal Parts, marked L at 
the End. (2.) A Line of Chords to 60 Degrees, 
marked S. (4.) A Line of Simes, 90 Degrees, mark- 
ed C. (3.) A Lize of Tangents, to 45% marked . 


(5.) Another Line of Tengents, from 45 to 75 or. 


upwards, marked f a. (6.) A Line of Secants, mark- 
edse. (7.) A Line of Polygens, marked POL. 
Beſides theſe, when the Sector is quite opened, 
there is on one Side, (J.) Gunter Line of Artificial 
Namnbers, n. (2.) Line of Artificial Sines, s. (3.) 
Line of Ariificial Tangents. f. There is alfo a Line 
of 12 Inches, and another of the Foot divided into 
1000 Equal Parts, placed by it, for the Purpoſes al- 
ready mentioned. 
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Before a proper Idea can be formed of theſe Sec- 
toral Lines, and their Uſes, we mu it ſhew the 
Conſtruction from the Circle, To this End, let 
A G B, (Fig. 8.) be a Quarter of a Circle, divided 
into 00 Degrees, deſcribed with the Radius A C, on 
the Centre C; let AF and C F be perpendicular to 
AC, in A and C; then if the Radius A C be di- 
vided into 10, 100, 1000, &c. Equal Parts, it wil 
be the Line fo called upon the Sector. 

If from A, a Line be drawn to any Part or Divi- 
ſton of the Quad: ant, as G at 60, then that Line 
A G3 is the Chard of that Arch, or of 60. And if 
the Line A B be drawn, it will be the Chord of 9053 
and by ſetting one Foot of the Compaſſes in A, and 
extending the other to the ſeveral Diviſions 10, 20, 
30, 40, &c. they may be transferred from the Circle 
to the Line AB, which will then be properly di- 
vided into a Line of Chords in 10, 20, 30, 40, &c, 

to 90, as on the Plain Scale, 

If from any Point G in the Quadrant you let fall 
a Perpendicuiar & | to the Radius AC, or GH to 
the Kadius CB, then the Line GI is called the 
Sine of the Arch AG; and the Lire GH is the 
Sine of the Arch G B, the Complement of A G to 
00% And if all the Diviſions of the Quadrant 
were transferred to C B by Lines G H parallel to 

AB; then the Line C B will be divided as a Line 

of Sines in the Points 10, 20, 30, 40, &c. to 90, 

as on the Sector you ſce it. 
By laying a Rule from the Centre C to the ſeverz] 

Diviſions of the Quadrant 10, 20, 30, &c. it wih 

cut the Line A E in the Points 10, 20, 30, &c, 


— * 
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which will be thereby divided into a Line of Tau- 
gents ; and here it muſt be obſerved that the Line of 
Tangents T on the Sector, extends but to 459, equal 
to AD (or B C) Radius. And that the Line of 
leſſer Tangents t, are projected from a leſſer Radius, 
and begin from 45 at the Diſtance of its Radius 
from the Centre of the Sector. | 

By drawing the Line C L through the Diviſion 
60? to the Line A E, it makes AL, the Tangent of 
609, and is itſelf the Secant of 60®, or of the Angle 
ACL. And if with one Foot of the Compaſſes in 
C you extend the other to the ſeveral Diviſions in 
the Line A E, and transfer them to the Line C E, 


then will the Part B F be thus divided into a Line of 


Secants; being placed at the Diſtance of the Radius 
C B, from the Centre of the Sector, and beginning 
at B, where the Radius ends. 

It may be of uſe in many Caſes to obſerve, (1.) 


That the Chord of 600 A G, is equal to Radius A C 


or CG: (2.) That the Sine of 609 G I, biſects the 
Radius A C in I; and therefore the Sine G H of 
30® is equal to the Radius or C I. (3.) And there- 
fore the Secant CL of 609, is equal to twice the Ra- 
dius A C; for CI is to C Gas CA to CL. (4.) 
Therefore Coſine is to Radius as Radius to the Secant. 
(5.) Alſo the Tangent AL is to Radius AC as Ra- 
dius B C is to the Co-tangent B K. 


From what has been ſaid, the Reaſon appears why 


the Line of Lines (or equal Parts L) terminates 
upon the Sector at 10; the Line of Chords C at 609; 
the Line of Sines S at 90®; the larger Tangents T 
at 4593 and that the leer Tangents, and alſo the 


Secants, are of indefinite Length, 
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From the Nature of the Sector, conſiſting of two 
Pairs, or Legs, moveable upon a central Joint, it is 
requiſite that the Lines ſhould be laid on the Sector 
by Pairs, viz. one of a Sort on each Leg, and all 
of them iſſuing from the Centre, all of the ſame 
Length, and every two containing the ſame Angle. 
We ſhall now illuſtrate the Nature of working Pro- 
blems Sectoral-iuiſe, as follows, by the Line of Lines, 
or Equal Parts, L L. 

Let CL, CL, (Fig. 9.) be the two Lines of 
Lines upon the Sector, opened to an Angle LCL; 
Join the Diviſions 4 and 4, 7 and 7, 10 and 10, by the 
dotted Lines ab, cd, LL. Then by the Nature of ſi- 
milar Triangles, it is CL to C, as LL to 453 
and CL to Cd, as LL toc d; and therefore a b is 
the ſame Part of LL as C5, is of CL. Conſe- 


| quently, if LL be 10, then 4 6 will be 4, and 4 


will be 7 of the ſame Parts. 

And hence, though the Lateral Scale C L be fixed, 
yet a Parallel Scale LL, is obtainable at Pleaſure; 
and therefore though, the lateral Radius is of a de- 
termined Length in the Lines of Chords, Sines, Tan- 
gents and Secants, yet the Parallel Radius may be 
had of any Size you want, by means of the Sector, 
as far as its Length will admit; and all the Paral- 
lel Sines, &c. peculiar to it; as will be evident by 
the following Examples in each Pair of Lines, 


— 
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LXAMEIL.E I. In the LIx ES Or tquar PARTsõ. 


Having 3 Numbers given, 4, 7, 16, to find out a 
4th Proportional. To do this, take the /atcral Ex- 
tent of 10 in the Line CL, and apply it Parallel- 
wiſe, from 4 to 4, by a proper Opening of the Sec- 
tor; then take the parallel Diſtance from 7 to 7 in 
your Compaſſes, and applying one Foot in C, the 
other will fall on 28 in the Line of Lines CL, and 
is the Number required; for 4: 7:: 16: 28. 


EXAMPLE II. In the Lix ES ox Cnorps. 
Suppoſe it required to lay off an Angle A CB, 


(Fig. 3.) equal to 339; then with any convenient 


Opening of the Sector, take the Extent from 60 to 60, 


and with it (as Radius) on the Point C deſcribe the 
Arch 4A D indefinitely; then in the ſame Opening of 
the Sector take the parallel Diſtance from 5% to $5.59, 
and ſet it from A to B in the Arch A i), and draw 
A B, and it makes the Angle at C required, 


EXAMPLE III. In the Lines or Six Es. 


The Lines of Sines, Tangents, and Secants, arc 
uſed in Conjunction with the Lines of Lines in the 
Solution of all the Cafes of Plain Lrigonometry; 
thus, let there be given in the Triangle ABC, 
(Fig. 10.) the Side AB = 250; and the Angle A 
B C = 30 30'; to find the Side A C. Here the 
Angle at Cis 599 30. Then take the lateral Diſtance 
230, from the Line of Lines, and make it a Parallel 
from 530 30 to 53% 30' in the Line of Sines; then 
the parallel Diſtance between 30 30 in the ſame 
Lines, will reach laterally from the Centre to 170, 
19 in the Line of Lines for the vide A C required, 
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EXAMPLE IV. Ia the LIS ES Or TAS EN TS. 


If inſtead of making the Side B C Radius (as 
before) you make A B Radius; then A C, which be- 
fore was a Sine, is now the Tangent of the Angle 
B; and therefore to find it, you uſe the Lines of 
Tangents, thus: 

Take the lateral Diſtance 230 from the Line of 
Lines, and make it a parallel Diſtance on the Tan- 
gent Radius, viz. from 45? to 45, then the paral- 
lel Tangent from 36 390, to 36” 30, will meaſure 
laterally on the Line of Lines 170, 19, as before, for 
the Side A ©, 


EXAMPLE V. In the Lixzs oF SECANTS. 


In the ſame Triangle, in the Baſe A B, and the 
Angles at B and C, given, as before, to find the 
Side or Hypotheneufe BC. Here BC is the Secant 
of the Angle B. 

Take the lateral Diſtance 230 on the Line of 
Lines, make it a parallel Diſtance at the Radius or 
Beginning of the Lines of Secants; then the parallel 
Secant of 00® 30' will meaſure laterally on the Line 
of Lines 287, 12, for the Length of BC, as res 
quired. 


EXAMPLE VI. In the Lines oF SINEs and 
LANGEN TS conjointly. 


In the Solution of Spherical Triangles, you ule 
the Line of Sines and Tangents only, as in the fol- 


lowing Example. In the Spherical Triangle A BC 


(big. i.) right angled at A, there is given the Side 
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A B=360® 15, and the adjacent Angle B42“ 34, 
to find the Side A C. The Analogy is Radius: Sine 
of AB:: Tangent of B: Tangent of A C; there- 
fore make the lateral Sine of 360 15 a Parallel at 
Radius, or between 90 and 90; then the parallel 
Tangent of 42. 34“ will give the lateral Tangent 
of 28 30 for the Side A C. 


EXAMPLE VII. In the LIN ES or PoLyGoNs. 


It has been obſerved that the Chord of 60 Degrees 
is equal to Radius; and 609 is the ſixth Part of 860 
therefore ſuch a Chord 1s the Side of a Hexagon, 
inſcribed in a Circle. So that in the Line Polygons, 
if you make the parallel Diſtance between 6 and 6, 
the Radius of a Circle, as AC (Fig. 12.) then if 
you take the parallel Diſtance between 5 and 5, and 
place it from A to B, the Line A B will be the 
Side of a Pentagin A BD E F, inſcribed in the Cir- 


cle; in the ſame Manner may any other Polygon, 


from 4 to 12 Sides, be inſcribed in a Circle, or upon 
any given Line AB, 


VIII. Of GuxrkER's LIN ES. 


We have now ſhew the Uſe of all that are pro- 
perly called Secloral Lines, or that are to be uſed 
Seclor-ibise: but there is another Set of Lines uſually 
put on the Sector, that will in a more ready and ſim- 
ple Manner give the Anſwers to the Queſtions in 
the above Examples, and theſe are called Artificial 
LINES of NuunkERS, SiNEs, and TAN GEN TS; be- 
cauſe they are only the Logarithms of the natural 
Numbers, Sines and Tangents, laid upon Lines of 
Scales, which Method was firſt invented by Mr, 
EpmunD GUNTER, and is the Reaſon why they 
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have ever ſince been called Gunter's Lines, or the 
Gunter, 

Legarithms are only the Ratios of Numbers, and 
the Ratios of all proportional Numbers are equal. 
Now all Queſtions in Multiplication, Diviſion, the 


' Rule of Three, and the Analogies of Plain and Spherical 
- Triganometry, are all ſtated in proportional Num- 
bers or Terms; therefore, if in the Compaſſes you 
take the Extent (or Ratio) between the firſt and 
ſecond Terms, that will always be equal to the Ex- 
tent (or Ratio) between the third and fourth Terms; 


and conſequently, if with the Extent between the fir/t 
and ſecond Terms, you place one Foot of the Compaſſes 
on the third Term, then turning the Compaſſes about, 
the other Post will fall on the fourth Term ſought. 

Thus in Example I. of the three given Numbers 
4, 7, and 16, if you take the Extent from 4 to 7 
in the Compaſles, and place one Foot in 16, the 
other will fall on 28, the Anſwer, in the Line of 
Numbers marked 7. 

Again, the Artificial Line of Numbers and Sines, 
are uſed together in Plain 'I'rigonometry, as in Ex- 
ample III. where the two Angles B and C, and the 
Side AB are given; for here if you take the Ex- 
tent of the two Angles 53? 30 and 30% 30 in the 
Line of Sines, marked s, then placing one Foot 
upon 230 in the Line of Numbers , the other 
will reach to 170,19 the Anſwer. 

Alſo the Line of Numbers and Tangents are uſed 
conjointly, as in the Example IV. for take in the 
Line of Tangents t, the Extent from 45 (Radius) 
to 30? 30, that will reach from 230 to 170, 19 the 
Anſwer as before. 
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Laſtly, the Artificial Lines of Sines and Tangent. 
are uſed together in the Analogies of Spherical Tri move 
angles. hollow 
Thus Example VI. is ſolved by taking in the engt! 
Line of Sines 3, the Extent from 90? (Radius) to gjging 
369 15% then that in the Lines of Tangents t, will grawn 
reach from 42* 34' to 289 30, the Anſwer required. gther 
I ſhall only further obſerve, that each Pair of See- on bo 
toral Lines contains the ſame Angle, viz. 6 Degrees LIxE 
in the common 6 Inch Sector; therefore to open Þ;, a 
theſe Lines to any given Angle, as 350 for Inſtance, gf C. 
you have only to take 35 laterally from the Line in C 
of Chords, and apply it paralle-wiſe from 60 to 609  T 
in the ſame Lines, and they will all be opened to fr 
the given Angle of 359. 
If to the Angle 35 you add the Angle 6, which B 
they contain, the Sum is 419; then take 41® laterally into 
from the Line of Chords, and apply it parallel from Inde 
00 to 60, then will che Sides or Edges of the Sector the 
contain the ſame Angle of 35 Degrees. And in ate 
this Caſe the Sector becomes a general Recipe- Angle, aga 
which is an Inſtrument for taking the Quantity of twe 
any Angle contained between two {nclining Planes, the 
as thoſe in Fortifications, &c, Li 


'q\when t 


IX. Of PRoPoRTIONAL CoMPaASSES. 


Though this Sort of Compaſſes does not pertain S | 
to a Commen Caſe of luſtruments, yet a ſhort As- Pa 
count of their Nature and Uſe may not be unaccept- P: 
able to thoſe who are not acquainted with them. 
They conſiſt of two Parts or Sides of Braſs, which th 
lie upon each other, fo nicely as to appear but one © 
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ul hen they are mut. Theſe Sides eaſily open, and 
move about a Centre, which is itſelf moveable in a 
hollow Canal cut through the greateſt Part of their 

| the Length. To this Centre on each Side is affixed a 
) to gliding Piece of a ſmall Length, with a fine Line 
Will drawn on it ſerving as an Index, to be ſet againſt 
red. gther Lines or Diviſions placed upon the Compaſſes 
Sec- on both Sides. Theſe Lines are, (I.) A LINE oF 


rees LI NES. 


(2.) A Ling of SUPERFICES, AREAS or 


open PLAns. (3.) A Ling of SoLIDs. (4.) A LINE 
ince, of CIRCLES, or rather of Polygons, to be inſcribed 
Line in Circles. | 

699 


| to 
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Theſe Lines are all unequally divided, the Three 
firſt from 1 to 10; the laſt from 6 to 20; their Uſes 
are as follow: 

By the LINE of Lines, you divide a given Line 
into any Number of equal Parts; for by placing the 
Index againſt l, and ſcrewing it faſt, if you open 
the Compaſles, then the Diſtance between the Points 
at cagh end will be equal.—If you place the Index 


le, againſt 2, and open the Compaſſes, the Diſtance be- 
of tween the Points of the longer Legs will be twice 
es, the Diſtance between the ſhorter ones; and thus a 
Line is biſected, or divided into two equal Parts. 
If the Index be placed againſt 3, and the Compaſſes 
opened, the Diſtances between the Points will be as 
ain 3 to i, and ſo a Line is divided into three equal 
le- Parts; and fo you proceed for any other Number of 
»t=- Parts under 10. 
m. The Number of the LINE or PLans anſwer to 
ch the Squares of thoſe in the Line of Lines; for be- 
ne cauſe Superfices or Plans are to each other as the 
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Squares of their like Sides, therefore if the Index be 
placed againſt 2 in the Line of Plans; then the Dif- 
tance between the ſmall Points will be the Side of a 
Plan whoſe Area is I; but the Diſtance of the large: 
Points will be the like Side of a Plan whoſe Area is 
2, or twice as big.— If the Index be placed at 3, and 
the Compaſſes opened, the Diſtances between the 


Points at each End will be the like Sides of Plant, pro 


whoſe Areas are as 1 to 3, and ſo of others. 


The Numbers of the LINE or Solips anſuet 


to the Cubes of thoſe in the Line of Lines; becauſe 
all Solids are to each other as the Cubes of their like 
Sides or Diameter; therefore, if the Index be placed 


per 
ther 


equ: 


plac 


the 


/ 
leſſe 


for 


to No. 2, 3, 4, Sc. in the Line of Solids, the Diſ- 


tances between the leſſer and larger Points will be 
the like Sides of Solids, which are to each other as 
1 to 2, 1 to 3, 1 to 4, &. For Example, if the 
Index be placed at 10, and the Compaſſes be opened, 
fo that the ſmall Points may take the Diameter of 
a Bullet weighing 1 Ounce, then the Diſtance be- 
tween the larger Points will be the Diameter of « 
Bullet or Globe of 10 Ounces, or which is 10 Times 
as big. 

Laſtly, the Numbers in the Line oF CIRcLES 
are the Sides of Polygons, to be inſcribed in a given 
Circle, or by which a Circle may be divided into 
thoſe equal Parts from 6 to 20. Thus, if the Index 
be placed at 6, the Points of the Compaſſes at either 
End, when opened to the Radius of a given Circle, 
will contain the Side of a Hexagon, or divide the 
Circle into & equal Parts.—If the Index be placed 
againſt 7, and the Compaſſes opened, ſo that the lar- 
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per Points may take in the Radius of the Circle; 
then the ſhorter Points will divide the Circle into 7 
equal Parts for inſcribing a Heptagon. Again, 


3 placing the Index to 8, and opening the Compaſſes, 


the larger Points will contain the Radius, and the 
leſſer Points divide the Circle into 8 equal Parts, 
for inſcribing an Oagon or Square. And thus you 
proceed for others. 


FINIS. 
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